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Cycloclasticus sp. P1 是本实验室从西太平洋深海沉积物中富集分离得到的
一株多环芳烃（PAHs）降解菌。该菌是第一株从深海环境中分离到的解环菌，
也是本属唯一能以芘为唯一碳源生长菌株。本研究通过 Roche 454 测序技术对全
基因组草图进行测序，并通过 PCR 扩增和 ABI 3730 测序技术对其进行 genome 
finishing， 终获得了该菌完整的基因组序列。Cycloclasticus sp. P1 基因组由一
个长 2, 363, 137bp 的环状染色体构成，GC 含量 42%。全基因组共编码 2342 个
开放阅读框（ORF），其中 1709 个 orf 编码有确定功能的蛋白，24 个未知功能蛋
白，149 个 orf 编码推测蛋白，460 个 orf 编码保守推测蛋白。该菌有 1 个 rRNA
操纵元，35 个 tRNA 编码基因对应全部 20 种氨基酸。在获得测序完成图基础上，





















































































簇排列（region A 和 region B）。在这些基因中，除了 region A 中 orf2307-2308、








关键词：Cycloclasticus sp. P1  基因组  PAHs 降解基因  寡营养菌 
 











































Cycloclasticus sp. P1 is an important bacterium involved in PAHs degradation, 
which was isolated from the deep-sea sediment of the West Pacific Ocean. It is the 
first bacterium isolated from the deep sea sediments which belongs to Cycloclasticus, 
and distinguished itself by assimilating pyrene as the sole carbon source. In this study, 
we sequenced and completed the genome of Cycloclasticus sp. P1, which is a circular 
chromosome of 2,363,137bp, encoding 2342 open reading frames (ORFs), 1 rRNA 
operon and 35 tRNA genes for all the 20 amino acids. Among the ORFs, there are 
1709 encoding proteins with assigned functions, in addition to 149 hypotheticals and 
460 coserved hypotheticals. Based on the complete genome sequence, further 
analyses were conducted to the systems of metabolism, trasporters, and mobile 
genetic elements, especially, the genes involved in PAHs degradation. General 
conclusions have been drawn as follows. 
1) In Cycloclasticus sp. P1, there was a serious deficiency of carbohydrate 
metabolism due to the absence of of some key enzymes, including the hexokinase, 
which catalyze the first step reaction of of the phosphorylation of the glucose, fructose 
and some other sugars. This may be the most crucial reason that leads to the 
incapability of carbohydrate utilizatioin. In addition, P1 is also lack of 
phosphotransferase system (PTS), this may be another reason hampering carbohydrate 
utilization of P1. 
2) Compared to the carbohydrate metabolism, there are many proteins involved 
in the metabolism and transportation of lipid. According to the KEGG analysis, COGs, 
we predicted that Cycloclasticus sp. P1 possesses the complete pathway of lipid 
metabolism and part of the lipid biosynthesis and glycerophospholipid metabolism. 
These processes may compensate the shortage in carbohydrate utilization。 
3) There were no mobile genetic elements found in the genome of 
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during the evolution. It is intriguing that how the genes involved in PAHs are acquired 
or originated in this bacterium. 
4) Many genes distributed in clusters or seperately in the genome, which are 
involved in the degradation of aromatic hydrocarbons . Most of them were relatively 
novel. Two gene clusters responsible for PAHs degradation in region A and B, and the 
pathways of both benzoate and biphenyl degradation have been revealed in the 
genome.  
5) As an oligotrophic bacterium, Cycloclasticus sp. P1 owns features of 
other oligotrophic bacteria, such as a simplified genome structure, the abundance of 
ABC-transporters, and self-sufficiency in coenzymes. These characteristics in genome 
will guide our futher investigations on the environment adaption of Cycloclasticus sp. 
P1. 





删除的内容: There were m
删除的内容: distributed in 
clusters or alone in the genome
删除的内容: , which may 
involve in the degradation of 
PAHs
删除的内容: se genes













删除的内容: ese informations 
































染尤其是多环芳烃 (polycyclic aromatic hydrocarbons, PAHs)污染的微生物分解
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图1.1 微生物基因组测序进展（data from NCBI）Genomes, Genera 
Fig.1.1 Progress of microbial genome sequencing 
1.2 基因组测序技术简介 
自从上世纪 80 年代末荧光自动分析仪发明后，DNA 测序技术得到了很大的
发展。90 年代起，Sanger 法测序技术成为了 DNA 测序主流。该技术也帮助完成
了 多种微生物基因组测序[15-17]甚至是包括人类基因组在内的多种复杂真核生物
基因组的测序工作[18, 19]。 
直到 2005 年，美国 454 Life Sciences 公司研究人员发明了一中比传统 Sanger
法测序快一百倍的测序技术 [20]。这标志着新一代测序技术（next generation 
sequencing）的产生。新一代测序技术具有高通量，低成本的特点，它的出现使
得基因组研究不再是少数实验室的专有项目。目前较为常用的基因组测序技术有
三种：美国 454 Life Sciences 公司（后被 Roche 收购）的 454 测序技术，AB(Applied 
Biosystem)公司的 Solid 测序技术，以及 Illumina 公司的 Solexa 测序技术。虽然
这些技术的实际操作有所不同，但其背后的原理都是非常相似的，即先将基因组
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